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究的一大热点。本文对网络状 Co3O4 基和对称花状 NiO 基材料作为锂离子电池
负极材料做了系统的研究，成果如下： 
1. 水热制备 Co3O4 和 Co3O4@PPy纳米材料 
采用简单的水热法，制备出形貌新颖的分层次网络状结构的前驱体
Co(CO3)0.5(OH)·0.11H2O，并用不同的手段和测试方法，如 XRD、SEM、TEM 和
FT-IR对前驱体 Co(CO3)0.5(OH)·0.11H2O 的生长过程进行了系统的表征。 
将前驱体置于空气中煅烧得到产物 Co3O4 和 Co3O4@PPy 组装成锂离子电池
负极材料进行电化学测试和性能研究。发现当电流密度为 100 mA g-1 时，Co3O4
样品的第一圈放电的时候放电容量达到 2008 mAh g-1，这个主要是由于产物的比
表面积大，能使 Li+能够与材料充分接触，从而提高性能。在网络状 Co3O4 表面
包覆聚吡咯（PPy）导电高分子得到 Co3O4@PPy，能够提高自身的导电性，改善
了锂离子电池的性能。 
2. 水热制备 NiO、NiO@C 和 NiO/Ni纳米材料 
利用简单的水热反应制备出对称花状前驱体-Ni(OH)2，通过研究发现氟化
铵（NH4F）能够强烈控制-Ni(OH)2 的生长。当不存在 NH4F 的时候，-Ni(OH)2
倾向于长成球状，当存在的 NH4F 时候倾向于长成对称花状。 
在上述基础上我们分别制备出对称花状 NiO、NiO@C 和 NiO/Ni材料，分别















耗 31.2%。NiO@C 第一圈放电比容量是 1194 mAh g-1，电容损耗 30.5%。NiO/Ni
第一圈放电比容量是 1094 mAh g-1，电容损耗为 29.5 %。特别是在大电流密度为
1000 mA g-1 大的电流密度下，NiO/Ni样品体现出良好的稳定性。综合评价了三


















With the rapid development of the global industry, lots of depletable energy 
resources (especially the fossil fuels) are increasingly used, which inevitably result in 
the emission of greenhouse gases and do harm to our environment. In order to 
maintain the stability of ecological climate and environment, there is an urgent need 
for efficient, clean, renewable and sustainable sources of energy, as well as new 
technologies associated with high energy conversion and storage. Comparing to other 
electrochemical energy storage systems, lithium ion batteries (LIBs) are superior 
choice for electric vehicles due to their higher energy density and the dominant power 
for all sorts of electronic devices. In recent years, transition metal oxides (TMOs), 
sulfides (TMSs), nitrides (TMNs), phosphides (TMPs), or fluorides (TMFs) have 
shown their potential as next generation anode materials for LIBs because of their 
potential application in various area, including catalysts, electronics, photonics, and 
sensors. Especially, the study about transition metal oxide materials with 
nanostructure has become one of the hottest topics and it was investigated extensively. 
In this paper, Co3O4-based and NiO-based nanocomposites were synthesized by a 
simple hydrothermal reaction. And the structure and properties of the samples were 
studied by XRD, SEM, TEM, VSM, BET, Galvanostatic charge/discharge and so on. 
The main results are shown as following: 
1. Prepared the Co3O4 and Co3O4@PPy via hydrothermal reaction  
A novel hierarchical network- like Co3O4 were successfully synthesized by 
hydrothermal method combined with subsequent annealing treatment in air. The 
evolution process of network-like Co(CO3)0.5(OH)·0.11H2O precursor are 
characterized by XRD, SEM，TEM and FT-IR methods.  
The as-prepared network- like Co3O4 are tested as an anode material in 
lithium-ion batteries. The influences of the Co3O4 morphology on the electrochemical 















capacity of 2008 mAh g-1 is recorded at current density of 100 mA g-1. The excellent 
electrochemical properties of the Co3O4 electrodes can be attributed to high specific 
surface area which provides more active area that can react with Li+ ions, leading to 
outstanding specific capacitance. And the sample of Co3O4@PPy as a conductive 
macromolecule coating on the Co3O4 surface can improve performances of the LIBs 
obviously. 
2. Prepared the NiO, NiO@C and NiO/Ni via hydrothermal reaction  
Symmetrical flower- like precursors of -Ni(OH)2 are successfully synthesized 
by hydrothermal method. During the process, we found that NH4F, a surface activity 
in hydrothermal reaction, strongly affected the growth of -Ni(OH)2 precursors. 
Without adding it, -Ni(OH)2 trends to grow to microsphere structure, while it will 
change into symmetrical flower-like structure if NH4F is added. 
NiO, NiO@C and NiO/Ni were successfully synthesized respectively based on 
the synthesis process of symmetrical flower- like -Ni(OH)2, by a simple 
hydrothermal reaction. Evaluation of the electrochemical performance of these three 
samples suggests that there is an optimum sample for LIBs. The specific capacity of 
NiO, NiO@C and NiO/Ni is 1073 mAh g-1, 1194 mAh g-1 and 1094 mAh g-1, 
respectively during first discharge at a current density of 100 mA g-1. Furthermore the 
initial capacity losses are 31.2%, 30.5% and 29.5% corresponding to NiO, NiO@C 
and NiO/Ni, respectively. When these three samples were tested at a high current 
density of 1000 mA g-1, NiO/Ni shows good long- life stability and favorable 
electrochemical behavior. By means of comprehensive evaluation of the three kinds of 
samples, we get the sort of electrochemical performances: NiO/Ni > NiO@C >NiO. 
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 1.2.1 锂离子电池工作原理 


















电池也有多种类型。 表 1.1 总结了各种电池的物理化学性质，图 1.1 比较了它们
的能量密度。通过上述简单的比较我们可以清晰看到锂离子电池（Lithium-ion 
Batteries，LIBs）有着高能量密度和好的循环寿命。[1] 
表 1.1 四种常用电池特性 
Table 1.1 Summary of the physical and chemical properties of the four most-used 
commercial rechargeable batteries 
电池类型 负极 正极 电解液 电压 （V） 循环寿命 
锂离子电池 Graphite LiCoO2 LiPF6 3.7 >1000 
铅酸电池 Pb PbO2 H2SO4 2.1 <500 
镍镉电池 Cd NiOOH KOH 1.2 2000 
NMH Intermetallic NiOOH KOH 1.2 500-1000 
 
 
图 1.1 集中常见的电池能量密度的比较 
Fig. 1.1
[1]
Comparison of the different rechargeable battery technologies in terms of 
volumetric and gravimetric energy density 
锂离子电池是基于“电化学嵌插理论（electrochemical intercalation）”的装置，

















分别是 372 mAh g-1 和 330 mAh g-1。正极（阴极）是层状氧化物如 LiCoO2，它的
理论容量和实验容量分别是 270 mAh g-1 和 140 mAh g-1。电解液是含有锂盐的有
机溶剂（LiPF6 的混合有机溶剂）。 
 
图 1.2 标准锂离子电池示意图（负极：石墨在铜片上；正极在铝片上；电解液为 LiPF6, 
EC:DMC=1:1；中间隔膜分开） 
Fig. 1.2 Schematic of a lithium-ion battery with standard electrodes (negative: graphite 
on copper current collector; positive: LiCoO2 on aluminum current collector) in a 
nonaqueous liquid electrolyte (LiPF6, EC:DMC=1:1) impregnated in a separator 
在第一次循环过程（充电和放电过程）中，在各个电极上形成两种含有多成
分的（有机和无机）多层钝化层，称之为固态电解液层（solid electrolyte interface，
SEI）或称阴极电解液层（cathode-electrolyte interface，CEI）。[2]如 P. Poizot的报
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